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(57) ABSTRACT

A rotation-locking lighted artificial tree that includes a first
and second portion. The first portion includes a trunk, first
electrical connector, and first wiring harness. The first elec-
trical connector includes a first body portion and a first elec-
trical contact set. The first body portion includes multiple
projections electrically isolated from the first electrical con-
tact set. The second tree portion includes a second electrical
connector and a second wiring harness. The second electrical
connector includes a second body portion and a second elec-
trical contact set, the second body portion including multiple
recesses. When the first tree portion couples to the second, the
first and second electrical contact sets form an electrical con-
nection and the recesses of the second body portion receive
the projections of the first body portion, thereby electrically
connecting and mechanically coupling the first tree portion to
the second tree portion.
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1
MODULAR TREE WITH ROTATION-LOCK
ELECTRICAL CONNECTORS

RELATED APPLICATIONS

The present application claims the benefit of U.S. Provi-
sional Application No. 61/656,752, filed Jun. 7, 2012, U.S.
Provisional Application No. 61/643,968 filed May 8, 2012,
and U.S. Provisional Application No. 61/780,381 filed Mar.
13, 2013, all of which are incorporated herein in their entire-
ties by reference.

FIELD OF THE INVENTION

The present invention is generally directed to artificial
trees. More specifically, the present invention is directed to
artificial trees having separable, modular tree portions elec-
trically connectable between trunk portions, and having rota-
tion-lock electrical connectors.

BACKGROUND OF THE INVENTION

For the sake of convenience and safety, consumers often
substitute artificial trees constructed of metal and plastic for
natural evergreen trees when decorating homes, offices, and
other spaces, especially during the holidays. Such artificial
trees generally include multiple tree sections joined at the
trunk and held erect by a floor-based tree stand. Traditionally,
consumers wrap strings of lights about the artificial tree to
enhance the decorative quality of the tree display. As more
and more decorative light strings are draped around the tree,
it becomes more and more difficult to provide power to the
various light strings distributed throughout the tree.

To ease this burden to the consumer, manufacturers have
created “pre-lit” or lighted artificial trees. Typical pre-lit trees
include an artificial tree with multiple standard light strings
distributed about the exterior of the tree. Wires of the light
string are clipped to branch structures, while plug ends dangle
throughout the branches. Generally, multi-purpose decora-
tive light strings are used in pre-lit trees, often limited to 50 or
100 bulb assemblies, with a bladed power plug for insertion
into the back outlet of another light string, or insertion into an
alternating current (AC) power source.

As the popularity of such pre-lit trees has grown, so to have
the bulk and complexity of pre-lit trees. Along with an
increase in the number and density of branches of a typical
pre-lit tree comes an increase in the number of lights and light
strings on the pre-lit tree. This increased number of branches
and lights can significantly increase the weight of the pre-lit
tree making it difficult to lift and align individual trunk sec-
tions when assembling the tree. Further, the increased number
of lights per tree, often as high as 1,000 or 1,500 lights,
drastically increases the complexity of interconnecting and
powering the numerous light strings.

It can be difficult to find and then properly connect the
necessary plugs in order to power all of the light strings on the
tree. Light strings may be connected to one another within a
given tree section, or sometimes between sections, by con-
necting the strings end to end. Consumers need to be careful
to follow the manufacturer’s guidelines and not plug too
many light strings together end-to-end and surpass the cur-
rent-carrying capacity of the light string wiring. Due to such
limitations, power plugs of the light strings may include
receptacles for receiving other power plugs such that the
power plugs may be “stacked” together, plugging one into the
other. Short extension cords may be strung along the outside
of'the trunk to carry power to the various interconnected light
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strings. The result is a complex web of lighting that often
requires a consumer to not only interconnect the plugs and
receptacles of individual light strings together, but to stack
and plug multiple light strings and cords into multiple power
outlets.

Some known inventions have attempted to simplify the
electrical connection of pre-lit trees by enclosing light wiring
within the trunk of the tree and tree sections. For example,
U.S. Pat. No. 1,656,148 to Harris filed Apr. 5, 1926 and
entitled “Artificial Christmas Tree” teaches a simple artificial
tree with one embodiment having multiple tree sections that
join together. The tree includes single bulbs at each end of a
branch, with bulb wiring extending from inside a trunk
through hollow branches. A bayonet fitting is used to adjoin
the sections, a top section having a projecting pin, and a
bottom section having an L-shaped bayonet slot. The two
sections are coupled by aligning the projection pin with the
bayonet slot and rotating to interlock the sections, thereby
bringing a pair of spring contacts into alignment with a pair of
terminals to make an electrical connection.

Another known artificial tree as described in U.S. Pat. No.
3,970,834 to Smith, filed Dec. 16, 1974 and entitled “Artifi-
cial Tree”, describes a pre-lit tree made in sections which may
be folded for easy storage. The individual tree sections
include a threaded male end and a threaded female socket
end. The male end of a tree section is aligned with, then
screwed into, the female end of another section. Wiring for
the lights passes from the trunk through holes in branches and
connects with individual lights at an interior of the branch.
When the tree is completely screwed together, an electrical
connection is made.

Yet another known artificial, lighted tree as described in
U.S. Pat. No. 8,053,042 to Loomis, filed Jul. 1, 2010 and
entitled “Artificial Tree Apparatus”, describes a pre-lit tree
having a first trunk segment with an electrical socket that
couples together with a second trunk segment having an elec-
trical plug. The tree segments also include a guide slot and
detent structure on the trunk segments. To electrically and
mechanically couple the first and second tree segments, the
socket and plug must be aligned at the same time that the
guide slot and detent are aligned.

A common feature of such known trees is that the first and
second tree segments must be aligned in a particular position,
or rotational orientation, in order to electrically and mechani-
cally couple the two tree sections. However, the larger the size
and heavier the tree, the more difficult it can be for a user to
manipulate the two tree segments into alignment.

Conversely, some of the more traditional pre-lit trees with
wiring outside the trunk may include tree sections that can be
mechanically coupled in nearly any rotational alignment of
the two trunk sections. However, depending on the coupling
structure, the two tree sections may be able to rotate relative
to another. Such rotation may be undesirable for both aes-
thetic and more practical reasons. For example, if a tree is in
acorner, it may be decorated only on one side. Rotation ofone
of'the tree sections relative to the other changes the decorative
appearance of the tree. In another example, if one tree section
is bumped or otherwise rotated relative to another, portions of
the light string may become detached from the tree, or worse,
wires may become detached from their lamp sockets or plugs.

BRIEF DESCRIPTION OF THE FIGURES

The invention can be understood in consideration of the
following detailed description of various embodiments of the
invention in connection with the accompanying drawings, in
which:
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FIG. 1 depicts a lighted, artificial tree, according to an
embodiment of the claimed invention;

FIG. 2 depicts the tree of FIG. 1, with branches removed;

FIG. 3 depicts an electrical connector and wiring assembly
of the tree of FIG. 1, according to an embodiment of the
claimed invention;

FIG. 4 depicts a first tree portion of the tree of FIG. 1
coupled to a second tree portion of the tree of FIG. 1;

FIG. 5 depicts a cross section of the first and second tree
portions of FIG. 4, in an uncoupled position;

FIG. 6 depicts a cross section of the first and second tree
portions of FIG. 4;

FIGS. 7-16 depict a rotation-lock electrical connector sys-
tem of the tree of FIG. 1, according to an embodiment of the
claimed invention;

FIG. 17 depicts a first electrical connector body coupled to
a second electrical connector body;

FIG. 18A depicts a portion of a first electrical connector
body initially engaging with a portion of a second electrical
connector body, prior to a final engagement position;

FIG. 18B depicts the portions of FIG. 18B in a second,
intermediate engagement position;

FIG. 18C depicts the portions of FIG. 18A engaged in a
final engagement position;

FIGS. 19-26 depict another rotation-lock electrical con-
nector system having pyramidal engagement portions,
according to an embodiment of the claimed invention;

FIGS. 27-34 depict another rotation-lock electrical con-
nector system having domed engagement portions, according
to an embodiment of the claimed invention;

FIGS. 35-42 depict another rotation-lock electrical con-
nector system having ridged engagement portions, according
to an embodiment of the claimed invention;

FIGS. 43-52 depict another rotation-lock electrical con-
nector system having an alternate electrical contact set,
according to an embodiment of the claimed invention;

FIGS. 53-62 depict another rotation-lock electrical con-
nector system having an alternate electrical contact set,
according to an embodiment of the claimed invention;

FIGS. 63-72 depict another rotation-lock electrical con-
nector system having an alternate electrical contact set,
according to an embodiment of the claimed invention;

FIGS. 73-82 depicta tiered rotation-lock electrical connec-
tor system having a four-pole electrical contact set, according
to an embodiment of the claimed invention; and

FIGS. 83-90 depict a tiered rotation-lock electrical connec-
tor system having a four-pole electrical contact set and having
pyramidal engagement portions, according to an embodiment
of the claimed invention.

While the invention is amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example in the drawings and will be described in
detail. It should be understood, however, that the intention is
not to limit the invention to the particular embodiments
described. On the contrary, the intention is to cover all modi-
fications, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the appended claims.

SUMMARY OF THE INVENTION

Embodiments of the claimed invention solve the identified
shortcomings of the prior art by providing lighted artificial
trees and connection systems that have trunk sections or por-
tions that may be easily aligned and coupled, yet are not
readily rotated relative to one another after coupling.

In an embodiment, the claimed invention comprises a rota-
tion-locking lighted artificial tree. The tree comprises: a first

10

15

20

25

30

35

40

45

50

55

60

65

4

tree portion, including a first trunk portion and a first electri-
cal connection and wiring assembly, the first electrical con-
nection and wiring assembly housed at least in part within the
first trunk portion, and including a first electrical connector
assembly and a first wiring harness, the first electrical con-
nector assembly including a first body portion and a first
electrical contact set, the first electrical contact set in electri-
cal connection with the first wiring harness, the first body
portion including a plurality of projections, the plurality of
projections electrically isolated from the first electrical con-
tact set; and a second tree portion, including a second trunk
portion and a second electrical connection and wiring assem-
bly, the second electrical connection and wiring assembly
housed at least in part within the second trunk portion, and
including a second electrical connector assembly and a sec-
ond wiring harness, the second electrical connector assembly
including a second body portion and a second electrical con-
tact set, the second electrical contact set in electrical connec-
tion with the second wiring harness, the second body portion
including a plurality of recesses. Wherein the first tree portion
is configured to couple to the second tree portion such that the
first electrical contact set and the second electrical contact set
form an electrical connection and the plurality of recesses of
the second body portion receive the plurality of projections of
the first body portion, thereby electrically connecting the first
wiring harness to the second wiring harness and mechanically
coupling the first tree portion to the second tree portion.

In another embodiment, an embodiment of the claimed
invention comprises a rotation lock tree-coupling system. The
system comprises a first electrical connection and wiring
assembly including a first electrical connector assembly and
a first wiring harness, the first electrical connector assembly
including a first body portion and a first electrical contact set,
the first electrical contact set in electrical connection with the
first wiring harness, the first body portion including a plural-
ity of projections extending axially away from the first body,
the plurality of projections electrically isolated from the first
contact set; and a second electrical connection and wiring
assembly, the second electrical connection and wiring assem-
bly including a second electrical connector assembly and a
second wiring harness, the second electrical connector
assembly including a second body portion and a second elec-
trical contact set, the second electrical contact set in electrical
connection with the second wiring harness, the second body
portion including a plurality of recesses. Wherein the first
body portion is configured to couple to the second body
portion such that the first electrical contact set and the second
electrical contact set form an electrical connection and the
plurality of recesses of the second body portion receive the
plurality of projections of the first body portion, thereby
electrically connecting the first wiring harness to the second
wiring harness and mechanically coupling the first body por-
tion to the second body portion.

In yet another embodiment, the claimed invention com-
prises a lighted artificial tree, the tree comprising: a first tree
portion, including a first trunk portion and a first electrical
connector, the first electrical connector housed at least in part
within a first end of the first trunk portion, and including a first
body portion and a first electrical contact set, the first body
portion including a plurality of non-conductive first axially-
extending engagement portions; and a second tree portion,
including a second trunk portion and a second electrical con-
nector, the second trunk portion having a trunk wall defining
a second end defining an opening configured to receive the
first end of the first trunk portion, the trunk wall being con-
tiguous about a circumference of the opening of the second
end, the second electrical connector including a second body
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portion and a second electrical contact set, the second body
portion including a plurality of non-conductive second
engagement portions. Wherein the first tree portion is config-
ured to couple to the second tree portion such that the trunk
wall of the second portion engages and receives the first end
of the first tree portion, and the plurality of first engagement
portions of the first body portion of the first tree portion
engage the plurality of second engagement portions of the
second body portion, and the first electrical contact set and the
second electrical contact set form an electrical connection.

In other embodiments, the claimed invention comprises
methods of coupling a first tree portion to a second tree
portion, and methods of manufacturing modular, rotation-
locking artificial trees, as described herein.

In one such embodiment, the claimed invention comprises
amethod of electrically and mechanically coupling a first tree
portion of a lighted artificial tree to a second tree portion. The
method comprises aligning a first tree portion having a first
generally hollow trunk portion and an electrical connector,
along a vertical axis; aligning a second tree portion having a
second generally hollow trunk portion and a second electrical
connector along the vertical axis; causing one of the first or
the second tree portions to move axially such that the second
tree portion receives an end of the first tree portion, and the
first trunk wall is engaged with the second trunk wall; causing
the first electrical connector at a first sloped engagement
portion to initially contact a second sloped engagement por-
tion of the second electrical connector prior to a final engage-
ment position, and at a first rotational alignment; allowing a
torque caused by a downward force of a weight of the second
tree portion to rotate the second electrical connector relative
the first electrical connector, thereby rotating the first tree
portion into a final rotational alignment with the second tree
portion.

DETAILED DESCRIPTION

Referring to FIG. 1, an embodiment of modular lighted tree
100 with rotation-lock electrical connectors according to the
claimed invention is depicted. Modular tree 100 includes base
portion 102, first lighted tree portion 104, second lighted tree
portion 106, and third lighted tree portion 108. In some
embodiments, modular tree 100 may include more lighted
tree portions, such as a fourth lighted tree portion, or may
include fewer lighted tree portions. When tree 100 is
assembled, as depicted, lighted tree portions 104, 106, and
108 are aligned along a common vertical axis A (see also FIG.
2) and held in a generally vertical orientation by base portion
102.

Base portion 102 as depicted includes multiple legs 110
connected to a central trunk-support portion 112. As depicted,
trunk support portion 112 may be generally cylindrical to
receive and support first tree portion 104. Base portion 102
may include an optional base-trunk portion 114 extending
upwardly from trunk support portion 112 to form a portion of
a trunk of tree 100. In other embodiments, base portion 102
may comprise other configurations capable of supporting and
aligning tree portions 104, 106, and 108 in a steady, upright
manner. Such alternate embodiments include a base portion
having more or fewer legs 110, an integrated structure with an
opening for receiving first lighted tree portion 104, and other
such embodiments.

Referring also to FIG. 2, modular tree 100 is depicted in an
assembled configuration, with multiple branches and light
strings removed for illustrative purposes.
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As depicted, first lighted tree portion 104 includes first
trunk portion 120, multiple branches 122, and one or more
first light strings 124.

First trunk portion 120 as depicted comprises a generally
cylindrical, hollow structure including trunk portion body
121 having a first end 123, second end 125, outside wall 126,
and one or more branch-support rings 127. First trunk portion
120 also defines multiple openings 166 in wall 126.

Branch-support rings 127 include multiple branch receiv-
ers 128 extending outwardly and away from trunk portion
120. In some embodiments, branch receivers 128 define a
channel for receiving a trunk end of a branch 122.

Each branch 122 generally includes primary branch exten-
sion 130 and may also include multiple secondary branch
extensions 132 extending away from branch extension 130.
Branch 122 is connected to trunk portion 120 at a branch
receiver 128 at trunk-end 134. In some embodiments, as
depicted, branches 122 include strands 136 simulating the
needles found on natural pine or coniferous trees. Strands 136
are attached to branch frame 135, which in some embodi-
ments comprises a solid-core frame, such as a metal rod, wire,
multiple twisted wires or rods, or similar such materials. In
other embodiments, frame 135 may be hollow.

Trunk ends of branches 122 may be bent or otherwise
formed to define aloop or circular opening such that trunk end
134 of branch 122 may be secured to branch receiver 128 by
way of a pin (not depicted) extending through branch receiver
128 and the loop formed at trunk end 134 of branch 122. In
this way, a branch 122 may be allowed to pivot about the pin
and branch receiver 128, allowing tree portion 104 to collapse
to a smaller envelope size for convenient storage.

First light string 124 includes light string wiring 140 and a
plurality of lighting element assemblies 142. Each lighting
assembly element 142 includes housing 144 and lighting
element 146. Lighting elements 146 may comprise incandes-
cent bulbs, light-emitting diodes, a combination thereof, or
any of other known types of light-emitting elements.

Lighting elements 146 may be electrically connected in
parallel, series, or a combination of series and parallel, to
form a parallel-connected, series-connected, parallel-series
connected, or series-parallel connected first light string 124.

First light string 124 is affixed to one or more branches 122
of lighted tree portion 104 via multiple clips 150. A proximal
end 152 of light string 124 may be connected to outside wall
126 of first trunk portion 120 by a connector or clip as
described further below, or may be inserted through an open-
ing 166 in wall 126 into an interior space defined by first trunk
portion 120.

In one embodiment, first lighted tree portion 104 includes
aplurality of first light strings 124. Such first light strings 124
may be substantially the same, for example, a series-parallel
connected light string having 100 lighting element assem-
blies 142. In other embodiments, first lighted tree portion 104
may include first light strings 124 having a particular con-
figuration and other first light strings 124 having another,
different configuration. For example, first light strings 124
located closer to base portion 102 may be longer in length
with more light emitting assemblies 142, while first light
strings 124 further from base portion 102 may be relatively
shorter in length, with fewer light emitting assemblies 142. In
other embodiments, first lighted tree portion 104 may include
only a single light string 124.

Second lighted tree portion 106, adjacent first lighted tree
portion 104, is similar to lighted tree portion 104 and includes
second trunk portion 160, multiple branches 122 and one or
more second light strings 162.
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Second trunk portion 160 as depicted also comprises a
generally cylindrical, hollow structure including trunk por-
tion body 161 having a first end 163, a second end 165,
outside wall 164, and one or more branch-support rings 127.
First trunk portion 120 also defines multiple openings 166 in
wall 164.

In an embodiment, trunk portion body 161 and its wall 164
define an end opening in firstend 163, which receives end 123
of first tree portion 104. In an embodiment, trunk wall 164 is
contiguous about the end opening, such that it does not have
through slots, thereby improving the structural strength of the
trunk wall and trunk body as compared to known, slotted
trunks.

In one embodiment, trunk portion 160 may have a trunk
diameter that is substantially equal to a trunk diameter of first
trunk portion 120, while in other embodiments, may have a
trunk diameter that is different from that of the first trunk
portion. In one such embodiment, a trunk diameter of second
trunk portion 160 is slightly greater than a trunk diameter of
first trunk portion 120 such that that trunk 116 has a somewhat
tapered look.

Similar to first light strings 124, second light strings 162
may comprise any combination of series-connected or paral-
lel-connected individual or groupings of lighting element
assemblies 142.

Third lighted tree portion 108, adjacent to second lighted
tree portion 106 includes third trunk portion 180, branches
122, and one or more third light strings 182. In some embodi-
ments, such as the depicted embodiment, a diameter of third
trunk portion 180 may be somewhat smaller in diameter than
a diameter of second lighted tree portion 108. As depicted,
third trunk portion 180 comprises a relatively smaller diam-
eter pipe-like body portion 184 including lower end 185,
upper end 186, trunk wall 187, and defining top opening 188
(see also FIGS. 3 and 4). Also as depicted, in some embodi-
ments, third trunk portion 180 may also not include branch-
support rings 121, as branches 122 of third lighted tree por-
tion 108 may be somewhat shorter in length than branches
122 of second lighted tree sections 106 and may be directly
connected to body portion 184 of third trunk portion 180.

Third light string 182 includes wiring 190 and multiple
lighting element assemblies 142. Similar to first light strings
124, third light strings 182 may comprise any combination of
series-connected or parallel-connected individual or groups
of lighting element assemblies 142.

In the embodiment depicted, third light string 182 emerges
from top opening 188 such that a portion of third light string
182 is within an interior space defined by third trunk portion
180. Alternatively, third light string 182 may be connected via
anelectrical connector at opening 188. In other embodiments,
third light string is mechanically connected to trunk portion
via a connector at wall 186 of third trunk portion 180, or may
be received in part by an opening (not depicted) in wall 186.
In yet other embodiments, third light string 182 may be an
extension of second light string 162.

Referring to FIG. 3, in this embodiment, electrical connec-
tion and wiring assembly 192 of tree 100 is depicted. Elec-
trical connection and wiring system 192, in an embodiment,
includes three electrical connection and wiring harness
assemblies 194, 196, and 198 for the respective tree 100 tree
sections 104, 106, and 108.

Electrical connection and wiring harness assembly 194
includes electrical connector 201, electrical connector 202,
wiring 203 and power cord 205.

Each electrical connector 201 and 202 is configured to fit
partially or fully within trunk portion 121. Electrical connec-
tors 201 and 202 will be described further below in detail.
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In an embodiment, each connector 201 and 201 includes a
fuse 207. Multiple light sets 124 may be connected to elec-
trical connection and wiring harness assembly 194. In the
embodiment depicted, each light set 124 has an electrical
connection at one end to one electrical polarity, and another
electrical connection to a second electrical polarity.

Electrical connection and wiring harness assembly 196 is
similar to assembly 194, and includes electrical connector
202, electrical connector 204, and wiring 209.

Each electrical connector 202 and 204 is configured to fit
partially or fully within trunk portion 161. Electrical connec-
tors 202 and 204 will be described further below in detail.

Multiple light sets 162, which may substantially similar to
light sets 124, may be connected to electrical connection and
wiring harness assembly 196.

Electrical connection and wiring harness 198, in an
embodiment, includes electrical connector 204 and wiring
211. Harness 198 is electrically connected to light strings
182.

When assembled, power is distributed throughout assem-
bly 192 and to connected light strings 124, 162, and 182.

Additional embodiments of electrical connection and wir-
ing harnesses of the claimed invention are also described and
depicted in U.S. Pub. No. 2012/0076957, which is herein
incorporated by reference in its entirety.

Referring to FIGS. 4-6, tree portion 104 is mechanically
and electrically coupled to tree portion 106, both mechani-
cally and electrically.

Referring specifically to FIG. 4, trunk portion 161 of tree
portion 106 is coupled to trunk portion 121 of tree portion
104. In an embodiment, and as depicted first end 163 of trunk
portion 161 has an inside diameter the same as, or slightly
smaller than, second end 125 of trunk portion 121, such that
trunk 161 at end 163 fits over, or receives, second end 125 of
trunk portion 121, thusly forming a mechanical coupling or
connection between trunk portions 121 and 161, and of tree
portions 104 and 106.

Referring to FIG. 5, a cross section of end 125 of tree
portion 104 uncoupled from end 163 of tree portion 106 is
depicted. In an embodiment, electrical connector 202 is
inserted fully into trunk portion 121 at end 125, such that an
end of electrical connector 202 is even with, or flush with, an
opening into trunk portion 121 at end 125. In other embodi-
ments, electrical connector 202 may be inserted further into
trunk portion 121, and further from the opening of trunk
portion 121. In other embodiments, portions of electrical
connector 202 may extend outside trunk portion 121, such as
an electrical terminal or connector.

Electrical connector 204 is inserted into trunk portion 161.
In an embodiment, electrical connector 204 is located a dis-
tance X from an end opening 139 of trunk portion 161. In an
embodiment, distance X also approximately corresponds to
the length or amount of trunk portion 161 that overlaps with
trunk portion 121. Though not restricted to any particular
range, in an embodiment, distance X may range from zero to
8 inches, depending on the desired overlap of trunk portions
121 and 161, and the relative position of electrical connector
202 in trunk portion 121. In general, electrical connector 204
should be positioned within trunk portion 161 such that when
trunk portion 161 is fully coupled to trunk portion 121, elec-
trical connectors 204 and 202 are adjacent one another, and in
electrical connection with one another, as depicted in FIG. 6.

Prior to coupling tree portions 104 and 106, trunk portions
121 and 161 are aligned along axis A. In an embodiment,
trunk portions 121 and 161 define a circular cross-section,
such that the trunk portions may be aligned in any rotational
orientation or alignment, about axis A. To couple tree portions
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104 and 106, the tree portions are moved relative to one
another along axis A, such that end 125 is received by end
163. When end 163 initially receives end 125, such that trunk
portions 121 and 161 are not fully coupled, which in an
embodiment means that a distal end of end 163 of trunk
portion 161 is not yet seated against shoulder 127 of trunk
portion 121, electrical connector 204 is also not yet mechani-
cally or electrically coupled to electrical connector 202.

As ends 125 and 163 are moved relatively along axis A, in
an embodiment, only axial and rotational movement along
axis A is possible. In other words, a user is substantially
unable to tilt one of tree portions 104 and 106 off of axis A. If
a user does exert a force transverse to axis A onto one of tree
portions 104 and 106, trunk portions 121 and 161, which in an
embodiment comprise a stiff metal material, will generally be
unyielding. As end 163 is moved onto end 125, connectors
204 and 202 are in axial alignment, but not yet in contact. As
such, trunk portions 121 and 161 are initially coupled and
aligned prior to the coupling of electrical connectors 204 and
202. In an embodiment, electrical connectors 204 and 202
may be coupled in one of many rotational alignments.

Such an arrangement ensures that when electrical connec-
tors 204 and 202 make initial contact, only axial and in some
cases, rotational, movement is allowed, and the connectors
are aligned. Conversely, if one of tree portions 104 or 106 is
allowed to move transversely to axis A when electrical con-
nector 204 is not fully coupled to electrical connector 202,
damage to the electrical connectors could result. This feature
becomes more important to those connectors, such as electri-
cal connector 204, which have electrical contacts or terminals
extending outwardly from the connector body portion that
may be bent or otherwise damaged upon receiving a force
transverse to axis A.

Referring to FIG. 6, trunk portion 121 is mechanically
coupled to trunk portion 161, and electrical connector 202 is
coupled to electrical connector 204. Trunk portion 121 at end
125 is received by trunk portion 161 at end 163 and is fully
seated. Electrical connectors 204 and 202 are coupled
together such that an end of connector 204 is adjacent an end
of connector 202. Details of electrical connectors 204 and
202, and of their electrical connection, are described further
below, including with respect to FIGS. 7-16.

Referring also to FIGS. 7-16, an embodiment of electrical
connection system 200 that includes electrical connector 204
and electrical connector 202, is depicted. In the depicted
embodiment, system 200 comprises a coaxial electrical
trunk-connection system having a rotation-lock feature to
prevent rotation about an axis A of one electrical connector
with respect to the other.

System 200 may be used for an alternating-current (AC)
powered tree 100 or a direct-current (DC) powered tree 100.
In some applications, it may be preferable to apply system
200 to a relatively low-power AC tree 100, or a DC tree 100.

Referring to FIGS. 7 and 8, system 200 includes first elec-
trical connector 202 and second electrical connector 204. In
an embodiment, first electrical connector 202 is configured to
couple with, and receive, a portion of second electrical con-
nector 204 such that an electrical connection between the two
connectors is made.

Referring also to FIGS. 9-11, first electrical connector 202,
which in an embodiment comprises a female connector,
includes body 206, wires 208a and 2085 of wiring harness
194, and first electrical contact set 210.

Referring to FIGS. 12-14, second electrical connector 204
includes body 212, wires 214a and 2145 of wiring harness
196, and second contact set 216.
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Referring to FIG. 15, contact set 210 for female electrical
connector 202 is depicted. Referring also to FIG. 10, contact
set 210 includes first-electrical-polarity contact 220 and sec-
ond-electrical-polarity contact 222. In an embodiment, first-
polarity-contact 220 comprises a cylindrical electrical, con-
ductive contact, with at least a conductive surface on an inside
of the contact. In an embodiment, second-polarity-contact
222 comprises a pin-like structure with a conductive outer
surface. Second-polarity-contact 222 projects upward
through the center of the cylindrical cavity formed by first-
electrical-polarity contact 220.

Referring to FIG. 15, contact set 216 of second electrical
connector 204 is depicted. Referring also to FIG. 13, contact
set 216 includes a first-electrical-polarity contact 224 and
second-electrical-polarity contact 226. In an embodiment,
both first-electrical-polarity contact 224 and second form a
generally cylindrical shape, with contact 226 forming a gen-
erally smaller diameter cylindrical shape, and fitting within
contact 224. A layer of insulating material 228 is adjacent
contact 224 and contact 226 to prevent electrical conduction
between the two contacts. Second-electrical-polarity contact
226 defines cylindrical receiver 230.

Referring also to FIG. 6, when female electrical connector
202 is coupled to second electrical connector 204, contact set
210 is coupled to contact set 216, such that contact 220 is in
contact with contact 224; contact 222 is in contact with con-
tact 226.

As such, in this particular embodiment, electrical contract
set 216 and electrical contact set 222 are coaxial about axis A.
Pin contact 222 is centrally positioned along axis A, cylindri-
cal contact 226 is in electrical contact with, and generally
surrounding contact 222, such that it is coaxial with contact
222 about axis A. Further, outer surface of contact 224 is
adjacent and in electrical contact with contact 220. Both are
generally cylindrical, concentric to one another, and coaxial
about axis A.

In other embodiments, contact sets 216 and 222 are not
coaxial, or only portions of contact sets 216 and 222 are
coaxial.

In addition to forming an electrical connection between
female electrical connector 202 and second electrical connec-
tor 204 when the two connectors are coupled, an anti-rota-
tional coupling is also accomplished. This anti-rotation or
ant-twist feature is due to the use of rotation-lock bodies 206
and 212, such that electrical connectors 202 and 204 comprise
rotation-lock electrical connectors.

In an embodiment, body 206 of first electrical connector
202 includes a plurality of projections or engagement por-
tions 240, which may comprise projections or teeth 240, and
define a plurality of recesses or gaps 242 between each pro-
jection 240. Body 206 also includes first end 207 defining
first-end surface 209, and in an embodiment, defines locating
recess 243. Locating recess 243 may be used to locate body
206 within trunk portion 121 so as to secure body 206 within
trunk 121. In an embodiment, recess 243 may be paired with
aprojection or pin projecting radially into trunk 121, thereby
securing body 206 in trunk portion 121.

In an embodiment, projections 240 are distributed circum-
ferentially about a perimeter of first end 207 of body 206. In
another embodiment, projections 240 are inset towards a
center of body 206, rather than being located at an outside
edge of first end 207. In an embodiment, projections 240 do
not extend axially beyond first-end surface 209, and in an
embodiment, projections 240 may be distributed equidis-
tantly.

As depicted, each projection 240 includes angled sides
241, and forms a tip 211. In embodiments, tips 211 may be
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pointed or rounded. In such an embodiment, and as will be
described further below with respect to FIGS. 18A-18C, gen-
erally non-planar tips 211 may facilitate the final alignment of
connectors 202 and 204.

In an embodiment, body 212 of second electrical connector
204 includes a plurality of engagement portions 244 or pro-
jections 244, and defines a plurality of gaps or recesses 246
between each tooth or projection 244, and in an embodiment,
may include locating recess 247. Body 212 in an embodiment
also includes second end 213 and second-end surface 215. In
an embodiment, projections 244 are distributed circumferen-
tially about a perimeter of first end 213 of body 212. In
another embodiment, projections 244 are inset towards a
center of body 212, rather than being located at an outside
edge of first end 207. In an embodiment, projections 244 do
not extend axially beyond first-end surface 215, and in an
embodiment, projections 244 may be distributed equidis-
tantly.

As depicted, each projection 244 includes angled sides
245, and forms a tip 217. In embodiments, tips 217 may be
pointed or rounded. In such an embodiment, and as will be
described further below with respect to FIGS. 18A-18C, gen-
erally non-planar tips 217 may facilitate the final alignment of
connectors 202 and 204.

When first electrical connector 202 is coupled to second
electrical connector 204, each tooth or projection 240 of first
electrical connector 202 fits into a recess 246 of second elec-
trical connector 204. Similarly, each projection 244 of second
electrical connector 204 its into a recess 242 of first electrical
connector 202.

Referring also to FIG. 17, body 206 is depicted as coupled
to body 212. When tree portions 104 and 106 are joined
together and fully coupled, body 206 interlocks with body
212.

When connectors 202 and 204 are held securely in their
respective trunk portions, and the trunk portions are coupled
together, connector 202 generally cannot rotate relative to
connector 204, unless an axial force is applied to one or the
other of the connectors. In other words, when first electrical
connector 202 and second electrical connector 204 are
aligned along axis A as depicted, and when coupled together
in a final engagement position, the connectors are generally
not able to rotate relative to one another about Axis A.

Referring to FIGS. 18A-18C, portions of body 212 and
body 206 of electrical connections 204 and 202, respectively,
are depicted. Body portion 212 is positioned axially along
axis A adjacent body 206, with projections 240 and 244
coming into contact, resulting in body 212 being rotated
slightly about axis A, and therefore into alignment with body
206.

Referring specifically to FIG. 18A, body 212 has been
moved along axis A such that projections 244 are not aligned
with gaps or recesses 242 of body 206, and body 212 is in a
first or initial contact position with respect to body 206.
Projections 244 are in contact with projections 242, such that
tips 211 generally adjacent and near tips 217 and/or angled
sides 241 may be in contact with angled sides 245. Such an
alignment (or misalignment with respect to a final position)
may occur when tree portions 104 and 106 are in the process
of’being coupled together, such as when a user lowers end 163
of tree portion 106 over end 125 of tree portion 104, and
connectors 202 and 204 make initial contact.

Referring to FIG. 18B, body 212 is depicted in a second
position. More specifically, body 212 has been rotated
slightly about axis A, as indicated by the arrow. Such a rota-
tion and change from the initial position of FIG. 18A to the
second position of FIG. 18B, may occur without user inter-
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vention. The weight of tree portion 106, which carries elec-
trical connector 204 and its corresponding body 212 causes
body 212 to apply a downward force onto body 206.

In an embodiment, tips 211 and 217 of bodies 206 and 212
may be rounded or pointed, or generally non-planar (not
defining a plane perpendicular to axis A at the tip). In such an
embodiment, tips 211 and 217 make contact along a sloped
surface, such that the weight of tree portion 106 creates a
torsional force on body 212, causing it to rotate about axis A.
In other embodiments, tips 211 and 217 may comprise planar
tip surfaces, but in such embodiments, it may be possible for
bodies 206 and 212 to make initial contact, then only make
final contact with user intervention, i.e., an external rotational
force or torque being applied to one or the other tree portion.

Of course, rotation only occurs if the torsional force or
torque on body 212 is great enough to overcome the frictional
forces between body 212 and body 206. In an embodiment,
projections 240 and 244 comprise relatively smooth contact
surfaces, and may comprise a non-conductive plastic mate-
rial, such that the static friction between bodies 212 and 206
is relatively small. In such embodiments, the weight of tree
portion 106 and the subsequent applied torque causes body
212, which is held stationary in tree portion 106 to rotate
along with tree portion 106 about axis A.

Referring to FIG. 18C, body 212 has rotated about axis A,
and moved axially along axis A to a final alignment or cou-
pling position.

As such, the rotation-lock structural features of electrical
connectors 202 and 204, in certain embodiments, also pro-
vide a self-aligning feature. As such, a user may initially align
and partially couple second trunk portion 161 of tree portion
106 with first trunk portion 121 of first tree portion 104 along
axis A, and at any rotational alignment position. As the trunk
portions are brought together, bodies 212 and 206 will self
align under the weight of tree portion 106, such that body 212
is coupled with body 206 in one of a number of predeter-
mined, discrete rotational alignment positions. The number
of'possible alignment positions is dependent upon the number
of projections and recesses. In the depicted embodiment of
FIGS. 7-16, thirteen projections 244 fit into thirteen recesses
246, such that thirteen alignment positions are possible. The
number of rotational orientation or alignment positions may
be fewer or greater.

As such, connectors 202 and 204 may be coupled in any
one of a plurality of rotational positions relative to one
another, but once they are coupled, the connectors cannot
easily rotate. Such a feature allows a user to easily assemble
one tree section to another tree section without having to be
concerned with a rotational alignment of the two tree sec-
tions. At the same time, once the tree sections are joined, the
tree sections will not rotate in the absence of an axial force,
which provides both safety and aesthetic advantages.

Referring to FIGS. 19-26, another embodiment of a rota-
tion-lock electrical connection system is depicted, system
300. System 300 is substantially the same as system 200,
though the rotation-lock features vary.

Rotation-lock electrical connection system 300 includes
first electrical connector 302 and second electrical connector
304, which when coupled together substantially are unable to
rotate relative to one another in the absence of an axial force.
First electrical connector 302 is substantially similar to first
electrical connector 202, and second electrical connector 304
is substantially similar to second electrical connector 204.

Body 312 of second electrical connector 304 comprises a
plurality of pyramidal engagement portions/projections or
projecting teeth 320. Body 306 of first electrical connector
304 defines a plurality of receiving recesses 322. When con-
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nectors 302 and 304 are coupled together, each projection 320
fits into a corresponding recess 322. To facilitate alignment of
projections 320 and recesses 322, projections and recesses are
angled such that when one connector is moved toward another
along an axis A, the connectors may rotate slightly as the
bodies 306 and 312 are joined together (similar to the rotation
described above with respect to FIGS. 18A-18C). Once fully
coupled, connector 302 is generally unable to rotate about
connector 304.

Referring to FIGS. 27 to 34, another embodiment of a
rotation-lock electrical connection system, system 400 is
depicted. System 400 is substantially the same as system 300,
with the exception of variations in the rotation-lock feature.
System 400 includes dome-shaped projections 420 that fit
into dome-receiving recesses 422. Domed projections 420 do
not include any sharp angles, and are less likely to bind or
stick when connector 402 is coupled to connector 404 and
domes 420 are inserted into recesses 422.

Referring to FIGS. 35 to 42, another embodiment of a
rotation-lock electrical connection system, system 500 is
depicted. System 500 is similar to systems 200, 300, and 400,
with the exception of variations in the rotation-lock feature.

Body 506 of first electrical connector 502 comprises axi-
ally-projecting portion 520, ridges 522, and circumferential
ledge 524. Ridges 522 are spaced about projecting portion
520, extending axially along projecting portion 20, and pro-
jecting radially away from ledge 524. Ridges 522 define gaps
525 between ridges 522. In an embodiment, ridges 522 are
equidistantly spaced.

Body 512 of second electrical connector 506 includes pro-
jecting wall 526 which includes axially extending and radi-
ally-projecting ridges 528, and which defines cavity 530.
Ridges 528 extend along wall 526.

When body 506 is coupled to body 512, projecting portion
520 is received by cavity 530. Ridges 522 fit between ridges
528, such that each ridge 522 is adjacent a pair of ridges 528.
Ridges 522 fit into gaps 529, while ridges 528 fit into gaps
525.

In this embodiment, first electrical connector 502 can
couple with electrical connector 504 in a plurality, but limited
number of positions, dependent on the number of ridges 522
and 528. As depicted, body 506 and body 512 each include
twelve ridges, such that body 506 and body 512 may be
coupled in twelve different rotational orientations.

However, within each rotational orientation, body 506 and
body 512 may be able to move rotationally relative to one
another, but in a limited way. Movement is restricted based on
contact of ridges 522 with ridges 528.

Referring to FIGS. 43 to 52, an embodiment of rotation-
lock electrical connection system 600 is depicted. Each rota-
tion-lock electrical connection system includes first contact
set 610 and second contact set 616. Although system 600 may
be used with any electrical power source, including AC or
DC, these systems may be especially suited for use with AC
power due, at least in part, to the greater distance between
electrical contacts, or terminals.

System 600 is substantially similar to system 200 depicted
in FIGS. 7-16, with the exception of the contact sets, how they
are fitted into the insulating body parts, and how they contact
each other.

System 600 includes first contact set 610 and second con-
tact set 616. First contact set 610 may in some embodiments
resemble a first contact set adapted to, or configured to,
receive a male counterpart electrical contact set. Second con-
tact set 616 may in some embodiments resemble a male
contact set adapted to, or configured to, be received by a first
counterpart electrical contact set.
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Contact set 610 includes first electrical contact or terminal
6104 and second electrical contact or terminal 6105. First
contact 610q includes ring portion 618 having an inner sur-
face 620 and outer surface 622. Ring portion 618 may be
circular or ring-shaped, and may be contiguous, as depicted.
In other embodiments, ring portion 618 may form a polygon
when viewed in cross-section along a vertical axis A.

Second contact 6105 also includes a ring portion, ring
portion 623, though having a smaller diameter relative to its
length, as compared to ring portion 618. In an embodiment,
ring portion 630 may not be circumferentially contiguous, but
may define slot 632, such that ring portion 630 may expand
when a corresponding male contact is inserted.

Second electrical contact set 616 includes first contact
616a and second contact 6165. Second contact 61654, in an
embodiment, defines a generally cylindrical shape. First con-
tact 616a includes spade portion 624. Spade portion 624
includes inside surface 626 and outside surface 628. In an
embodiment, inside surface 626 defines a flat, planar surface,
while outside surface 628 defines an arcuate surface.

First contact set 610 is assembled into body 606 of first
electrical connector 602 as depicted. Outside surface 622 of
first contact 610a may be adjacent to, and in contact with a
wall or surface of body 606. Body 606 defines an annular,
ring-like, or circular channel 634.

Second contact set 616 is assembled into body 612, with
portions of each of contact projecting outward and away from
body 612. Second contact 6165 is generally centrally located,
while first contact 616a is offset from the center of body 612.

When first/female electrical connector 602 is coupled to
second/male electrical connector 604, second contact 6105
receives second contact 6165, thereby making an electrical
connection between the two contacts. First contact 616a is
received by channel 634 and surface 628 contacts first contact
610q at surface 620, thereby making an electrical connection
between the two contacts.

Similar to the previously defined systems, electrical con-
tact set 610 may make electrical connection with set 616 in
any rotational orientation or alignment, though the rotational
alignment or position may be restricted by the discrete num-
ber of alignments possible between bodies 606 and 612. In
this embodiment, contacts 6105 and 6165 are coaxial, while
connectors 610a and 6164 are not coaxial. Contact 6104 is
coaxial with 6105 and 61654.

Connector 602 may be coupled to connector 604 in any one
of a plurality of discrete or predetermined rotational align-
ments or positions.

When connector 602 is coupled to connector 604, portions
ofbodies 606 and 612 serve to electrical insulate the electrical
contacts such that the possibility of arcing between contacts,
or accidental shorting, is minimized.

In other embodiments, system 600 may substitute other
bodies, such as those described above, and including bodies
306/312 (pyramidal projections), 406/412 (domed projec-
tions), 506/512 (ridges), or other rotation-lock bodies having
other forms of projections and recesses.

Referring to FIGS. 53 to 62, an embodiment of system 700
is depicted. System 700 is substantially similar to system 200
depicted in FIGS. 7-16, with the exception of the contact sets,
how they are fitted into the insulating body parts, and how
they contact each other. System 700 is also similar to system
600, again, with the exception of the contact sets.

System 700 includes first contact set 710 having contacts
710a and 71054, and second contact set 716, having contacts
7164 and 7164.

In an embodiment, contacts 716a and 7165 are substan-
tially the same, and substantially similar to contact 616a
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described above. In an embodiment, contact 710a is substan-
tially similar to contact 610a described above. Contact 7106
may be substantially similar to contact 710a, only smaller in
diameter.

When assembled into body 706, contact 710a and 7105 are
generally coaxially aligned.

When assembled into body 712, contact 716a is offset from
a center of body 712; contact 7164 is also offset from center,
but is closer to center.

When first electrical connector 702 is coupled to second
electrical connector 704, contact 710a is adjacent contact
716a, forming an electrical connection. Contact 716a is
received by annular channel 734. Contact 7105 is adjacent
contact 7165, also forming an electrical connection. Contact
7165 is received by center cavity 736. Connector 702 may be
coupled to second connector 704 in any one of a plurality of
circumferentially-locked positions.

In other embodiments, system 700 may substitute other
bodies, such as those described above, and including bodies
306/312 (pyramidal projections), 406/412 (domed projec-
tions), 506/512 (ridges), or other rotation-lock bodies having
other forms of projections and recesses.

Referring to FIGS. 63 to 72, an embodiment of system 800
is depicted. System 800 is similar to systems 600 and 700,
sets, but with somewhat different bodies and contact sets.
Body 812 includes central projection 1320 which projects
axially outward and away from an inner surface 823, and that
defines generally-planar top surface 821.

Body 806 defines top surface 825, inner surface 827, and
defines central cavity 822.

System 800 includes contact set 810 comprising two con-
centric, conducting electrical contacts 810a and 8105, both of
which comprise annular, ring-like, or cylindrical contacts.
Contact 8105 includes a smaller diameter than contact 810a.
Contacts 810a and 8105 are located in body 806. In an
embodiment, terminal 8105 extends axially along a central
axis and at or below inner surface 827 in an interior of body
806. Contact 810a is coaxial to contact 8105 and in an
embodiment does not extend axially above a plane formed by
surface 825.

System 800 also includes contact set 816, comprising pin
terminal 8165 and ring contact 816a. Contact 8165 when
attached to body 812 is aligned along a central axis of body
812. Contact 8164 is placed over projection portion 820 of
body 812, such that at least a portion of contact 8164 projects
axially away from surface 823.

In the depicted embodiment, all four contacts are coaxial
about a central axis.

When body 806 is coupled to body 812, projection 820 and
terminal 816a are received by cavity 822, thus providing
another mechanical connection between bodies 1306 and
1312. Surface 827 may contact surface 821, and surface 825
may contact surface 823. Contact 816a is in electrical con-
nection with contact 810a; contact 8105 is in electrical con-
nection with contact 810a.

In such an embodiment, an inner and outer mechanical
coupling of bodies 806 and 812 are accomplished to improve
the mechanical connection between electrical connectors 802
and 804. Further, the use of multiple ring or cylindrical elec-
trical contacts improves the surface area contact between
electrical contacts, while maximizing the distance between
contacts of dissimilar polarity, thereby reducing the possibil-
ity of arcing or accidental shorting.

Additionally, for each connector 802 and 804, portions of
insulating bodies 802 and 806 lie between the contacts, again,
reducing the possibility of arcing or shorting between elec-
trical contacts. More specifically, and referring to FIG. 66, a
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plane formed by inner surface 827 that is generally perpen-
dicular to a central axis A intersects, or is transverse to contact
810, but generally does not intersect contact 8105, which lies
at or below surface 827. Such an arrangement allows body
material 829 to be located between terminals 810a and 8105.
A similar structure is present in connector 804, as depicted in
FIG. 69.

In other embodiments, system 800 may substitute other
bodies, such as those described above, and including bodies
306/312 (pyramidal projections), 406/412 (domed projec-
tions), 506/512 (ridges), or other rotation-lock bodies having
other forms of projections and recesses.

Referring to FIGS. 73-82, a tiered electrical connector
system 900 is depicted. In an embodiment, and as depicted,
system 900 is configured to connect to four-wire wiring har-
nesses and subassemblies, though it will be understood that
system 900 could be configured to have additional electrical
terminals to connect with wiring harnesses having more than
four wires.

In an embodiment, system 900 includes tiered electrical
connector 902 and tiered electrical connector 904.

Tiered electrical connector 902 comprises body 906 and
cylindrical or band-like electrical terminal set 916, including
terminals 916a, 9165, 916¢, and 9164d. Tiered electrical con-
nector 902 also defines a tiered cavity 905.

Body 906 defines top, generally planar annular surface
907, and a plurality of tiered, generally planar and annular
surfaces within tiered cavity 905. Tiered surfaces within cav-
ity 905 include surface 907, 909, 911, and 913. Surfaces 907,
909, 911, and 913 form decreasingly smaller annular rings as
a center of connector 902 is approached. Further, planes
formed by surfaces 907, 909, 911, and 913, in an embodi-
ment, are generally parallel.

Terminal set 916 comprises the set of concentrically
arranged cylindrical electrical terminals 916a, 9165, 916¢,
and 9164, each having an increasingly larger diameter, and
connected to wires 932a, 9325, 932¢, and 9324, respectively.
In an embodiment, central terminal 916q is a first polarity,
e.g., neutral, and terminals 9164, ¢, and d comprise a second
polarity, e.g., positive, “live” or “hot”. In another embodi-
ment, two terminals comprise a first polarity, and two termi-
nals comprise a second polarity.

Tiered electrical connector 904 comprises body 906, elec-
trical terminal 924, and cylindrical terminal set 942 compris-
ing electrical terminals 942a, 9425, and 942c¢.

Tiered body 906 forms first tier 944, second tier 946 and
third tier 948. Tiered body 906 and its respective tiers also
define annular surfaces 950, 952, 954 and 956. In an embodi-
ment, third tier 948 is furthest from surface 950; second their
946 is second furthest from surface 950; and first tier is closest
to surface 950. In an embodiment, each tier has approxi-
mately the same tier height, defined as a vertical distance from
a plane of one tier to a plane of an adjacent tier.

Terminal set 942 comprises the set of concentrically
arranged cylindrical electrical terminals 942a, 9426, and
942¢ each having an increasingly larger diameter, and con-
nected to wires 9326, 932¢, and 932d, respectively. In an
embodiment, central terminal 924 is a first polarity, e.g.,
neutral, and terminals 934q, b, and ¢ comprise a second
polarity, e.g., positive, “live” or “hot”. In another embodi-
ment, two terminals comprise a first polarity, and two termi-
nals comprise a second polarity.

When electrical connector 902 of system 900 is coupled
with electrical connector 904, tiered cavity 905 receives a
portion of electrical connector 904, including tiers 944, 946,
and 948 and portions of their respective electrical terminals
942a, 9425, and 942¢. In an embodiment, surfaces 950, 952,
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954, and 956 of electrical connector 904 are adjacent, and in
some embodiments, in contact with, surfaces 907, 909, 911
and 913, respectively, of electrical connector 902. As such, a
secure mechanical fit is formed between electrical connector
902 and electrical connector 904.

A safe electrical connection is also made between connec-
tors 902 and 904. Terminal 916a receives terminal 924, mak-
ing an electrical connection between the two terminals and
between their respective wires 9325 and 9344.

Further, an outside surface of terminal 942a contacts in
inside surface of terminal 9165 to make an electrical connec-
tion between wires 932a and 934a; an outside surface of
terminal 9425 contacts in inside surface of terminal 916c to
make an electrical connection between wires 932¢ and 934c;
and an outside surface of terminal 942¢ contacts in inside
surface of terminal 9164 to make an electrical connection
between wires 932d and 9344d. In an embodiment, each of
terminals 924, 942a, 9425, and 942¢ have outside diameters
that are approximately the same size as their corresponding
mating terminals 916a, 9165, 916¢, and 9164, respectively
such that each terminal pair makes surface contact as
described above.

The connection of the terminal sets results in electrical
connection between the respective wire sets 932 and 934,
such that power may be provided from one tree portion to
another.

Consequently, not only does the coupling of tiered electri-
cal connectors 902 and 904 result in a superior mechanical
connection, electrical connections between multiple pairs of
electrical terminals within a relatively small space is made
with minimal risk of arcing between terminals of disparate
polarity.

In other embodiments, system 900 may substitute other
bodies, such as those described above, and including bodies
306/312 (pyramidal projections), 406/412 (domed projec-
tions), 506/512 (ridges), or other rotation-lock bodies having
other forms of projections and recesses.

In one such embodiment, and referring to FIGS. 83-90,
system 1000 having bodies with pyramidal projections is
depicted. System 1000 is substantially similar to system 900,
with the exception of bodies 1006 and 1012 which are similar
to bodies 306 and 312, but tiered.

System 1000 includes electrical connectors 1002 and
1004, similar to connectors 902 and 904, respectively. Elec-
trical connector 1002 includes locking body 1006 and contact
set 1016 (similar to contact set 916, though with smaller
concentric rings to accommodate the projections). Locking
body 1006 includes pyramidal projections 320 that fit into
recesses 322 of locking body 1012. Electrical connector 1004
includes locking body 1012 and contact set 1042 (similar to
contact set 942, though with smaller concentric rings to
accommodate recesses 322). Locking body 1012 includes
recesses 322.

Embodiments of the claimed invention may also include
methods of coupling a first tree portion to a second tree
portion as described above, and as claimed.

In one such embodiment, the claimed invention comprises
amethod of electrically and mechanically coupling a first tree
portion of a lighted artificial tree to a second tree portion. The
method comprises aligning a first tree portion having a first
generally hollow trunk portion and an electrical connector,
along a vertical axis; aligning a second tree portion having a
second generally hollow trunk portion and a second electrical
connector along the vertical axis; causing one of the first or
the second tree portions to move axially such that the second
tree portion receives an end of the first tree portion, and the
first trunk wall is engaged with the second trunk wall; causing
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the first electrical connector at a first sloped engagement
portion to initially contact a second sloped engagement por-
tion of the second electrical connector prior to a final engage-
ment position, and at a first rotational alignment; allowing a
torque caused by a downward force of a weight of the second
tree portion to rotate the second electrical connector relative
the first electrical connector, thereby rotating the first tree
portion into a final rotational alignment with the second tree
portion.

The embodiments above are intended to be illustrative and
not limiting. Additional embodiments are within the claims.
In addition, although aspects of the present invention have
been described with reference to particular embodiments,
those skilled in the art will recognize that changes can be
made in form and detail without departing from the spirit and
scope of the invention, as defined by the claims.

Persons of ordinary skill in the relevant arts will recognize
that the invention may comprise fewer features than illus-
trated in any individual embodiment described above. The
embodiments described herein are not meant to be an exhaus-
tive presentation of the ways in which the various features of
the invention may be combined. Accordingly, the embodi-
ments are not mutually exclusive combinations of features;
rather, the invention may comprise a combination of different
individual features selected from different individual
embodiments, as understood by persons of ordinary skill in
the art.

Any incorporation by reference of documents above is
limited such that no subject matter is incorporated that is
contrary to the explicit disclosure herein. Any incorporation
by reference of documents above is further limited such that
no claims included in the documents are incorporated by
reference herein. Any incorporation by reference of docu-
ments above is yet further limited such that any definitions
provided in the documents are not incorporated by reference
herein unless expressly included herein.

For purposes of interpreting the claims for the present
invention, it is expressly intended that the provisions of Sec-
tion 112, sixth paragraph of 35 U.S.C. are not to be invoked
unless the specific terms “means for” or “step for” are recited
in a claim.

What is claimed:

1. A rotation-locking lighted artificial tree, comprising:

a first tree portion, including a first trunk portion and a first
electrical connection and wiring assembly, the first elec-
trical connection and wiring assembly housed at least in
part within the first trunk portion, and including a first
electrical connector assembly and a first wiring harness,
the first electrical connector assembly including a first
body portion and a first electrical contact set, the first
electrical contact set in electrical connection with the
first wiring harness, the first body portion including a
plurality of projections, the plurality of projections elec-
trically isolated from the first electrical contact set; and

a second tree portion, including a second trunk portion and
a second electrical connection and wiring assembly, the
second electrical connection and wiring assembly
housed at least in part within the second trunk portion,
and including a second electrical connector assembly
and a second wiring harness, the second electrical con-
nector assembly including a second body portion and a
second electrical contact set, the second electrical con-
tact set in electrical connection with the second wiring
harness, the second body portion including a plurality of
recesses;

wherein the first tree portion is configured to couple to the
second tree portion such that the first electrical contact
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set and the second electrical contact set form an electri-
cal connection and the plurality of recesses of the second
body portion receive the plurality of projections of the
first body portion, thereby electrically connecting the
first wiring harness to the second wiring harness and
mechanically coupling the first tree portion to the second
tree portion.

2. The rotation-locking lighted artificial tree of claim 1,
wherein the projections comprise a non-conducting material.

3. The rotation-locking lighted artificial tree of claim 1,
wherein the plurality of projections define a plurality of first
recesses between the projections, the plurality of projections
and the plurality of first recesses forming a sawtooth pattern.

4. The rotation-locking lighted artificial tree of claim 1,
wherein each of the plurality of projections comprises a ridge
extending axially along its length and projecting radially
outward along its height.

5. The rotation-locking lighted artificial tree of claim 1,
wherein the projections are distributed circumferentially
about a first end of the first body.

6. The rotation-locking lighted artificial tree of claim 5,
wherein the projections are equidistantly spaced about a
periphery of the first body.

7. The rotation-locking lighted artificial tree of claim 1,
wherein the second body includes a plurality of second pro-
jections, and the first body includes a plurality of first
recesses, and wherein the first tree portion is further config-
ured such that the plurality of first recesses of the first body
portion receive the plurality of second projections of the
second body portion.

8. The rotation-locking lighted artificial tree of claim 1,
wherein the projections comprise one of pyramidal, domed,
or semi-spherical projections.

9. The rotation-locking lighted artificial tree of claim 1,
wherein the first electrical contact set comprises a first contact
and a second contact.

10. The rotation-locking lighted artificial tree of claim 9,
wherein the first contact and the second contact are coaxial.

11. The rotation-locking lighted artificial tree of claim 9,
wherein the first electrical contact set comprises a third con-
tact and a fourth contact, and the first body comprises a tiered
body.

12. A rotation-lock tree-coupling system, comprising:

a first electrical connection and wiring assembly including

a first electrical connector assembly and a first wiring
harness, the first electrical connector assembly includ-
ing a first body portion and a first electrical contact set,
the first electrical contact set in electrical connection
with the first wiring harness, the first body portion
including a plurality of projections extending axially
away from the first body, the plurality of projections
electrically isolated from the first contact set; and

a second electrical connection and wiring assembly, the

second electrical connection and wiring assembly
including a second electrical connector assembly and a
second wiring harness, the second electrical connector
assembly including a second body portion and a second
electrical contact set, the second electrical contact set in
electrical connection with the second wiring harness, the
second body portion including a plurality of recesses;
wherein the first body portion is configured to couple to the
second body portion such that the first electrical contact
set and the second electrical contact set form an electri-
cal connection and the plurality of recesses of the second
body portion receive the plurality of projections of the
first body portion, thereby electrically connecting the
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first wiring harness to the second wiring harness and
mechanically coupling the first body portion to the sec-
ond body portion.

13. The rotation-locking lighted artificial tree of claim 12,
wherein the projections comprise a non conducting material.

14. The rotation-locking lighted artificial tree of claim 12,
wherein the plurality of projections define a plurality of first
recesses between the projections, the plurality of projections
and the plurality of first recesses forming a sawtooth pattern.

15. The rotation-locking lighted artificial tree of claim 12,
wherein each of the plurality of projections comprises a ridge
extending axially along its length and projecting radially
outward along its height.

16. The rotation-locking lighted artificial tree of claim 12,
wherein the projections are distributed circumferentially
about a first end of the first body.

17. A lighted artificial tree, comprising:

a first tree portion, including a first trunk portion and a first
electrical connector, the first electrical connector housed
at least in part within a first end of the first trunk portion,
and including a first body portion and a first electrical
contact set, the first body portion including a plurality of
non-conductive first axially-extending engagement por-
tions; and

a second tree portion, including a second trunk portion and
a second electrical connector, the second trunk portion
having a trunk wall defining a second end defining an
opening configured to receive the first end of the first
trunk portion, the trunk wall being contiguous about a
circumference of the opening of the second end, the
second electrical connector including a second body
portion and a second electrical contact set, the second
body portion including a plurality of non-conductive
second engagement portions; and

wherein the first tree portion is configured to couple to the
second tree portion such that the trunk wall of the second
portion receives the first end of the first trunk portion of
the first tree portion, and the plurality of first engage-
ment portions of the first body portion of the first tree
portion engage the plurality of second engagement por-
tions of the second body portion, and the first electrical
contact set and the second electrical contact set form an
electrical connection.

18. The lighted artificial tree of claim 17, wherein the first
engagement portions comprise projections having tips that
are rounded, pointed, or pyramidal.

19. The lighted artificial tree of claim 18, wherein the
second engagement portions define recesses configured to
receive the projections.

20. The lighted artificial tree of claim 18, wherein the first
electrical contact set includes a center electrical contact.

21. A method of electrically and mechanically coupling a
first tree portion of a lighted artificial tree to a second tree
portion, comprising:

aligning a first tree portion having a first generally hollow
trunk portion and an electrical connector, along a verti-
cal axis;

aligning a second tree portion having a second generally
hollow trunk portion and a second electrical connector
along the vertical axis;

causing one of the first or the second tree portions to move
axially such that the second tree portion receives an end
of'the firsttree portion, and the first trunk wall is engaged
with the second trunk wall;

causing the first electrical connector at a first sloped
engagement portion to initially contact a second sloped
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engagement portion of the second electrical connector plurality of recesses of the second body portion receive
prior to a final engagement position, and at a first rota- the plurality of projections of the first body portion such
tional alignment; that each projection is .sur.rounded about a complete
allowing a torque caused by a downward force of a weight circumference of the projection by one of the plurality of
of the second tree portion to rotate the second electrical > recesses, thereby electr 1ga.11y connecting the first wirng
connector relative the first electrical connector, thereby harness to the second wiring hamess and mechanically

rotating the first tree portion into a final rotational align- » 3coAuphng thelﬁrls(t. treelz.pzrtlgn to gh.e Tecond tree po I.'UOP'
ment with the second tree portion. . A rotation-locking lighted artificial tree, comprising;:

22. A rotation-locking lighted artificial tree, comprising: a first tree portion, including a first tmnk p.ortion., a first
a first tree portion, including a first trunk portion and a first 10 plurality of branches, a first light string having wires and

electrical connection and wiring assembly, the first elec-
trical connection and wiring assembly housed at least in
part within the first trunk portion, and including a first
electrical connector assembly and a first wiring harness,

surface of the fourth electrical contact to make electrical
connection with the fourth electrical contact and the

lighting elements on an exterior portion of the first plu-
rality of branches, and a first electrical connection and
wiring assembly, the first electrical connection and wir-
ing assembly housed at least in part within the first trunk
portion, and including a first electrical connector assem-

the first electrical connector assembly including a first 15 .. .
body portion and a first electrical contact set, the first blyand a first .w1r1ng.harness, the first elegtmcal connees
electrical contact set in electrical connection with the tor ass embly including a first body portion and a ﬁr.st
first wiring harness, the first electrical contact set com- electrical contact set, the first electrical contact set in
prising a first electrical contact projecting along a first electrical connection W.lth the ﬁrst. WIrng ha“?ess’ the
vertical axis and a second electrical contact projecting 20 first body pOI'tl.OIl 1.nch.1d1ng aplurahty Opr.'OJe.CUOIlS, the
along a second vertical axis, the second vertical axis first body portion in direct contact with an inside surface
being parallel to, and offset from, the first vertical axis, of thf? first L runk portion, the plurahty of projections
the firstbody portion including a plurality of projections electrically isolated from the first electrical contact set;
the plurality of projections electrically isolated from the and . . .
first electrical contact set: and 55 asecond tree portion, including a second trunk portion, a
a second tree portion, including a second trunk portion and .secon.d pluraht.y Of branches, a second hgl.l L string hav-
a second electrical connection and wiring assembly, the ing wires and lighting elements on an exterior portion of
second electrical connection and wiring assen’lbly the second plurality of branches, and a second electrical
housed at least in part within the second trunk portion, connect@on and W.ir.ing assembly, the second elep trical
and including a second electrical connector assembly 30 cqnlllliectlllon and \ermg asserpbly h?iu.se(i a(;least mn parg
and a second wiring harness, the second electrical con- “{lt ot le second t pogll on, zn 1nciu (;ng.a. secgn
nector assembly including a second body portion and a electrical connector assembly and a second wiring har-
second electrical contact set, the second electrical con- ness, the second eleqtrlcal connector assembl.y including
tact set comprising a third electrical contact and a fourth a second body portion and a secogd electr.lcal contact
electrical contact, the third electrical contact defining a 33 set, the.second electrlcal.c.o ntact set in electrical connec-
cylindrical shape with an inside surface, the fourth elec- tion with ﬂlle d.secondl erll.ng h;lrness, the second body
trical contact defining a cylindrical shape with an inside portion including a plurality of recesses;
surface, the second electrical contact set in electrical wherein the first tr ee portion 1s configured to cguple to the
connection with the second wiring harness, and the sec- second tree portion such that the first electrical contact
ond body portion including a plurality o fr’ecesseS' 40 set and the second electrical contact set form an electri-
wherein the first tree portion is configured to couple to the cal connection and the plurality 9frecesse§ Of.t hesecond
second tree portion such that the first electrical contact body portion recetve the plurahty. of projections of the
contacts the inside surface of the third electrical contact grst quy p%rtlon, therell;y electr(licall.y. conﬁlectlng thg
to make electrical connection with the third electrical rst wirig harness 1o the second wiring harness an
contact, the second electrical contact contacts the inside 45 mechanically coupling the first tree portion to the second

tree portion.



